Multiple different types of anterior mediastinal masses may be encountered on computed tomography (CT) imaging, and many of these lesions are neoplastic in etiology. These include masses arising from the thymus, thyroid and parathyroid glands, as well as lymph nodes, pericardium, and vessels and nerves. Often, the CT attenuation of the mass can be helpful in narrowing down the differential diagnosis, and attenuation values suggesting fat, water or calcium may suggest certain diagnoses; significant enhancement of the mass with intravenous contrast may also be a helpful feature. Lesions with fatty attenuation include teratomas, thymolipomas and Morgagni hernias. Lesions that may manifest the attenuation of water include pericardial and thymic cysts, abscesses, and lymphangiomas, as well as neurogenic and germ cell tumors. Multiple types of lesions may contain calcium, including thyroid goiters and cancers, thymomas, thymic carcinomas and carcinoids, treated lymphoma, germ cell tumors, parathyroid adenomas, and lymph nodes involved with silicosis, sarcoid, tuberculosis, fungal diseases and pneumocystis. Contrast enhancement may be seen in lesions of vascular origin and in vascular neoplasms, such as parathyroid adenomas and Castlemans disease. In addition to CT attenuation values, the exact location and morphology of the mass in question, in conjunction with clinical features such as patient age, gender, signs, symptoms, and laboratory values, can usually lead to a short list of possible etiologies, thereby directing appropriate additional diagnostic procedures or therapeutic approaches.
Introduction
Anterior mediastinal masses are not uncommonly seen on imaging studies; many of these represent benign or malignant neoplasms. Often, the CT attenuation of the mass can be helpful in narrowing down the differential diagnosis, and attenuation values suggesting fat, water or calcium may suggest certain diagnoses; significant enhancement of the mass with intravenous contrast may also be a helpful feature. In addition, the exact location and morphology of the mass in question, in conjunction with clinical features such as patient age, gender, signs, symptoms, and laboratory values, can usually lead to a short list of possible etiologies, thereby directing appropriate additional imaging or other diagnostic procedures or therapeutic approaches.
Fat attenuation masses
There are only three major entities in the category of fat attenuation anterior mediastinal masses: teratoma, thymolipoma and Morgagni hernia.
Teratoma
Various different types of germ cell tumors may occur in the anterior mediastinum; these masses arise from primitive germ cell elements, and many are of mixed cell type. Mediastinal germ cell tumors are generally found in adolescents and young adults. Approximately 80% of such lesions are benign, and most of the benign lesions represent teratomas. Malignant germ cell tumors are seen much more commonly in males compared to females.
Teratomas are usually predominately cystic in nature, although they frequently have a soft tissue component, often showing a thin outer capsule. Fat and calcium are also common elements (Fig. 1) . Fat/fluid levels are said to be a specific finding for teratomas; however they are rarely seen. Entirely solid teratomas are occasionally encountered; these lesions are usually malignant. Benign teratomas are usually encapsulated and well defined on computed tomography (CT) scan. However, they may hemorrhage, leading to a complicated CT appearance. Malignant teratomas are most often large, multinodular in appearance and poorly defined at CT. Both benign and malignant teratomas may grow and may rupture or fistulize with adjacent structures in the mediastinum or with lung, pleura or pericardium [1] .
Thymolipoma
Thymolipomas are benign lesions that arise from the thymus gland and may grow slowly over time. Despite their usually large size, they are generally asymptomatic; occasionally, however, they may compress or displace adjacent structures, leading to symptoms. On CT scanning, they may clearly lie within the thymus. Frequently, however, they are pedunculated, filling a large portion of one hemithorax; in these cases, it may be difficult to discern the thymic origin of the mass. These tumors are usually predominately fatty in attenuation, with a variable component of soft tissue elements (Fig. 2 ) [2] . Surgical excision is curative.
Morgagni hernia
The major entity in the differential diagnosis of a thymolipoma is a Morgagni hernia. These hernias contain omental fat that has herniated from the abdomen into the thorax via the foramen of Morgagni; the fat lies in a retrosternal or parasternal location, usually on the right side [3] . Occasionally Morgagni hernias also contain small or large bowel or portions of the liver. On CT, a Morgagni hernia appears as a fat containing mass in the lower, anterior mediastinum, usually large in size. The key to the diagnosis on CT is the detection of linear-appearing soft tissue opacities in the fat which represent omental vessels; with close scrutiny, the vessels can be traced down into the upper abdomen.
Water attenuation masses
There are several entities in the category of water attenuation anterior mediastinal masses, including cysts arising from thymus or pericardium, foregut duplication cysts, neurogenic tumors, abscesses and lymphangiomas (particularly in children); many of these lesions may be neoplastic in nature [4] .
Thymic cyst
Thymic cysts may be congenital in nature, arising from remnants of the thymophargyngeal duct. Such lesions may occur anywhere along the course of thymic descent from the neck during development; however, they often occur in the anterior mediastinum. Acquired thymic cysts are much more common than congenital cysts, and may arise in association with neoplasms such as thymomas, lymphomas or germ cell tumors. Although teratomas are the most common type of germ cell tumor to develop cystic areas, other cell types may contain cysts (Figs. 1 and 3). Thymic cysts may also be seen in the anterior mediastinum after radiation therapy for Hodgkins dis- ease, and occasionally multilocular thymic cysts are seen in patients with AIDS, particularly in children [5] . Sometimes acquired cysts are unassociated with neoplasms, likely related to an inflammatory process (Fig. 4 ) [6] . Such lesions may contain cellular debris, cholesterol crystals and/or hemorrhage, leading to a complicated appearance at CT and magnetic resonance imaging (MRI). The cystic material may leak into the surrounding mediastinal tissues, inciting an inflammatory response.
Pericardial cyst
Pericardial cysts may occasionally mimic thymic cysts. However, the former are usually simple in appearance at CT, unlike the latter which often have associated soft tissue. Moreover, pericardial cysts are generally located more inferiorly in the anterior mediastinum compared to thymic cysts: approximately 90% are tucked down between the heart and the hemidiaphragm, usually on the right side [7] . Pericardial cysts may change in shape on follow-up imaging studies. These lesions are benign, and they are thought to be congenital in nature.
Foregut duplication cysts
Foregut duplication cysts are uncommon congenital abnormalities of enteric origin [8] . Most duplication cysts occur in the middle or posterior mediastinum; however, bronchogenic cysts may occasionally be seen in the anterior mediastinum. These lesions may appear as simple, water attenuation lesions, or they may be complicated, showing soft tissue attenuation and heterogeneity due to mucus, proteinaceous or cellular debris and/or hemorrhage [9] .
Neurogenic tumor
Neurogenic tumors may occasionally occur in or adjacent to the anterior mediastinum. Lipid-like material in the tumors leads to their low attenuation appearance, mimicking a fluid-containing lesion. Such lesions are often easily diagnosed if they are elongated in shape and occur in the characteristic location of the phrenic nerve; the diagnosis is clinched if there are bilateral lesions in a patient with known neurofibromatosis (Fig. 5) .
Calcified masses
There are a multitude of entities in the category of calcified anterior mediastinal masses, including lesions arising from the thyroid, thymus or parathyroid glands, germ cell tumors, treated lymphoma, and lymph nodes involved with diseases such as silicosis, sarcoidosis, tuberculosis, histoplasmosis or pneumocystis.
Thyroid masses
Both benign and malignant thyroid masses, including goiters, thyroiditis, and thyroid neoplasms, may calcify and contain areas of heterogeneity due to hemorrhage, fibrosis or cysts (Figs. 6 and 7) . Goiters tend to be well marginated. A lesion with ill-defined margins and nearby lymph node enlargement suggests the diagnosis of thyroid cancer; invasion of an adjacent structure, such as the trachea, is diagnostic for a neoplasm. The finding of multiple concomitant small lung nodules is suspicious for metastatic disease from thyroid cancer. Occasionally goiters and thyroid cancers coexist in the same gland: carcinoma may be found in up to 10% of resected goiters [10, 11] . The key to diagnosing an anterior mediastinal mass as a thyroid lesion is to follow the lesion up into the neck and look for evidence of thyroid lobe involvement (Figs. 6 and 7) . Most commonly goiters are bilateral and cancers are unilateral, but this rule is not absolute. although they often have areas of cysts, hemorrhage, necrosis and/or coarse clumps of calcification (Fig. 8) . These lesions are usually asymmetric, commonly draping along one side of the heart. Rarely thymomas may occur in the neck, along the lines of thymic descent during development. Thymomas are the most common type of thymic neoplasm, usually occurring in patients between the ages of 45 and 60, and rarely below the age of 20 [12] . Approximately half to a third of patients with this tumor either have or will develop myasthenia gravis. On the other hand, only approximately 10% of patients with myasthenia gravis develop a thymoma. Thymomas are occasionally seen in association with other disorders such as hypogammaglobulinemia, red cell aplasia, connective tissue diseases, and paraneoplastic syndromes. Approximately 20% of patients with thymoma have a malignant neoplasm such as lymphoma, lung cancer or thyroid cancer.
Thymic masses
Thymomas are classified as low-risk or high-risk tumors, based on histological features, and as noninvasive or invasive, based on whether the capsule of the gland has been transgressed; approximately 30% of thymomas are invasive. Once the tumor has breached the capsule, it commonly invades adjacent structures such as lung, phrenic nerve, central airways, chest wall, superior vena cava, and great vessels. Elevation of a hemidiaphragm at imaging is highly suggestive of phrenic nerve involvement (Fig. 8) . Thymomas typically spread along pleural and pericardial surfaces, leaving behind discrete tumor droplets which are visible at CT as small nodules, masses or plaque-like lesions (Fig. 8) . Tumor may cross into the abdomen either directly across a hemidiaphragm or via the retrocrural space (Fig. 8) . Thymomas may spread to mediastinal, supraclavicular and cervical lymph nodes, leading to lymph node enlargement in these regions (Fig. 8) ; however, hematogenous metastases are exceedingly rare.
Thymic carcinomas
Whereas thymomas cannot be classified as benign or malignant at histopathology, thymic carcinomas are histopathologically malignant, occurring with various different cell types. These lesions tend to very aggressive biologically, with a strong tendency to metastasize to distant locations such as lungs, liver, brain and bone. Patients have a very poor prognosis, even after surgical resection. Thymic carcinomas generally show a similar appearance to thymomas at CT and MR, including frequent tumor spread along the pleural and pericardial surfaces. However, if there are findings suggestive of distant metastases, for example lung nodules, then the diagnosis of carcinoma should be entertained, and irregular contour, necrotic or cystic component, heterogeneous enhancement, lymphadenopathy, and/or great vessel invasion are also more common in thymic carcinomas compared to thymomas (Fig. 9 ) [13] . Preliminary data suggest that fluorodeoxyglucose (FDG)-positron emission tomography (PET) scanning may help in distinguishing thymomas from thymic carcinomas based on standardized uptake values (SUV) [14] .
Thymic carcinoids
Thymic carcinoids arise from cells of neural crest origin, i.e. amine precursor uptake and decarboxylation (APUD) cells. Approximately one-half of thymic carcinoids are hormonally active, usually secreting adrenocorticotropic hormone (ACTH) which may lead to Cushings syndrome [15] . Occasionally patients may present with syndrome of inappropriate antidiuretic hormone secretion (SIADH), although they do not show carcinoid syndrome. Approximately 20% of patients with a thymic carcinoid have underlying MEN I or MEN II disease [16, 17] . Thymic carcinoids are usually malignant, and patients tend to have locally invasive disease, distant metastases and a poor prognosis [18] . The tumors often recur locally after surgical resection. [19] .
Masses showing significant contrast enhancement
Anterior mediastinal lesions showing significant contrast enhancement include those that arise from vessels, such as aneurysms or pseudoaneurysms, and vascular neoplasms, such as parathyroid adenomas and Castlemans disease [20] .
Parathyroid adenomas
Parathyroid adenomas usually occur immediately lateral to the thyroid gland; occasionally, however, they may be seen in ectopic locations such as within the thymus, the tracheoesophageal groove, retroesophageal region or posterosuperior mediastinum. They tend to be small, oval, well-defined soft tissue attenuation structures that enhance strongly with intravenous contrast material and may contain calcifications at CT [21] . Sestamibi scanning or ultrasonography of the neck are often the first imaging modalities used to search for a parathyroid adenoma in a patient with primary hyperparathyroidism [22] ; if these studies are inconclusive, then CT or MR may be performed to look for an ectopic focus in the mediastinum.
Conclusion
The attenuation of an anterior mediastinal mass at CT is helpful in narrowing down the differential diagnosis, and A B Figure 9 Thymic carcinoma manifesting as an anterior mediastinal mass with calcifications (A). There is invasion, with near obliteration, of the superior vena cava (B arrow) and multiple venous collaterals are present.
evidence of fat, water or calcium may suggest certain diagnoses; significant enhancement of the mass with intravenous contrast may also be a helpful feature. In addition, the exact location and morphology of the mass in question, in conjunction with clinical features, can usually lead to a short list of possible etiologies, thereby directing appropriate additional imaging or other diagnostic procedures or therapeutic approaches.
